Characterizing endogenous protein expression, interaction and function, this study identifies in vivo interactions and competitive balance between N-cadherin and E-cadherin in developing avian (Gallus gallus) neural and neural crest cells. Numerous cadherin proteins, including neural cadherin (Ncad) and epithelial cadherin (Ecad), are expressed in the developing neural plate as well as in neural crest cells as they delaminate from the newly closed neural tube. To clarify independent or coordinate function during development, we examined their expression in the cranial region. The results revealed surprising overlap and distinct localization of Ecad and Ncad in the neural tube. Using a proximity ligation assay and co-immunoprecipitation, we found that Ncad and Ecad formed heterotypic complexes in the developing neural tube, and that modulation of Ncad levels led to reciprocal gain or reduction of Ecad protein, which then alters ectodermal cell fate. Here, we demonstrate that the balance of Ecad and Ncad is dependent upon the availability of β-catenin proteins, and that alteration of either classical cadherin modifies the proportions of the neural crest and neuroectodermal cells that are specified.
Introduction
Cadherin proteins are homophilic cell-cell adhesion molecules important for epithelial integrity and whose changes in expression are linked to the epithelial to mesenchymal transition (EMT) during embryonic development (Schafer et al., 2014; Kerosuo and Bronner-Fraser, 2012) and cancer metastasis (Kang and Massague, 2004; Thiery et al., 2009) . Neural cadherin (Ncad) and epithelial cadherin (Ecad) are the archetypical type I cadherins that function in a calcium-dependent manner, have five extracellular domains, a transmembrane domain and bind to intracellular components such as α-, δ-(p120) and β-catenin to link to the actin cytoskeleton and intracellular signaling pathways (Koch et al., 1999) . Although cadherins have been well studied in cancer cell lines and amphibian tissues (Gheldof and Berx, 2013; Kashef et al., 2009; Scarpa et al., 2015) , far less is known about their in vivo roles during ectodermal cell fate specification in amniotes.
Ectodermal cells respond to instructive signals early in development to form neural tissue (Gaur et al., 2016; Lamb et al., 1993; Rogers et al., 2008) , non-neural ectoderm (NNE), epidermal/placodal tissue (Schlosser, 2014; Nordin and LaBonne, 2014) , or neural crest (NC) tissue (Mayor et al., 1995; Selleck and Bronner-Fraser, 2000) . The epigenetic and molecular specification of each of these tissues is followed by morphogenetic events such as neural tube closure (NTC) and the epithelial to mesenchymal transition (EMT) of NC cells. Recent studies in chick, amphibian and mouse embryos have identified transcription factors that regulate ectodermal derivative fate specification (Buitrago-Delgado et al., 2015; Bouzas et al., 2016; Macri et al., 2016; Riddiford and Schlosser, 2016; Acloque et al., 2017; Simoes-Costa et al., 2015) , NTC (Ray and Niswander, 2016a; Ray and Niswander, 2016b) and NC EMT (Rogers et al., 2013; Schiffmacher et al., 2014; StroblMazzulla and Bronner, 2012) . Comparative analysis of early transcriptional regulators shows that many have overlapping expression and directly or indirectly regulate the expression of specific adhesion molecules to control these processes (Ray and Niswander, 2016a; Fairchild et al., 2014; Fairchild and Gammill, 2013; Strobl-Mazzulla and Bronner, 2012) . Many transcription factors expressed in early development regulate the expression of cell adhesion molecules, specifically cadherin proteins, and altering cadherin protein expression or function via perturbation of their upstream regulators leads to abnormal embryonic development (Tien et al., 2015; Rogers et al., 2013; Matsumata et al., 2005; Lin et al., 2016) . The question remains however, whether the cadherin proteins have independent functions during ectodermal fate specification in addition to their roles in regulating cell movement.
To resolve these issues, we characterize and compare the expression and localization of two cadherin proteins during the separation of 
